Cognitive impairment is one of the most common features in patients with COPD, and is associated with COPD severity and comorbidities. Development of relevant models of respiratory-cerebrovascular comorbidity in human diseases is an important task of experimental medicine. The purpose of the research consisted in determination of the morphological criteria brain condition and their correlation with behavioral phenotype of animals in the experimental comorbidity of the chronic obstructive pulmonary disease (COPD) and acute cerebral ischemia (ACI). Modeling of COPD on the basis of the combination of inducers, reproducing a proteoclastic degradation of lung tissue and systemic inflammation, and modeling of ACI by the suture middle cerebral artery occlusion with to mimic ischemia condition were used.
Introduction. Chronic obstructive pulmonary disease (COPD) is a serious and highly prevalent condition associated with high mortality, and reduced quality of life. It's disease of the lungs and airways, defined by expiratory airflow obstruction and, also, has several extrapulmonary manifestations and comorbidities, e.g. cardiovascular disease, osteoporosis, cachexia and skeletal muscle wasting (Hassel et al., 2014; Xu et al., 2016) . Combination of COPD and ischemic stroke (IS) relates to the most frequent variants of "non-random" comorbidity -syntropy, determined by the presence of general pathophysiological patterns in development of these diseases (Geltser et al., 2018) . The complexity of modeling COPD is associated with its multisystem manifestations, including cerebrovascular ones (Fricker et al., 2014; Perez-Rial et al., 2015) . It was proved that in case of COPD, blood rheological properties deteriorate (Hawkins et al., 2015) , atherogenesis progresses (Lankeit and Held, 2016) , endothelial dysfunction develops, disturbance of carbohydrate and lipid metabolism occurs (Boukhenouna et al., 2018) . Excessive proteolysis and oxidative stress against the background of chronic systemic inflammation produce effect on the molecular and cellular relationships in the nerve tissue, which results in the damage of neurons (Dodd, 2015) . It is shown that dyscirculatory disorders in the cerebral circulation system in patients with COPD correlate with the intensity of cognitive dysfunction (Panagioti, 2018) . It was found out that moderate hypoxemia is accompanied by an imbalance of perceptive and motor reactions and abstraction in 27 % of COPD patients, and in case of severe form of the disease this figure is as high as 62 % (Doehner et al., 2011) . COPD is attributed to the most important factors of vascular comorbidity, which is manifested in development of «pulmonogenic» arterial hypertension, which is a leading cause for the development of the cerebrovascular pathology (Nobili et al., 2011; Wackera and Jorresb, 2016) . It is noted that the incidence of IS in COPD patients is 20 % higher than among the general population (Haeusler et al., 2015) . The increased risk of thrombotic events against the background of arterial hypoxemia and hypercapnia and hemodynamic instability produce a considerable effect on the IS occurrence rate (Morgan et al., 2017) .
One of the top trends in fundamental science is experimental modeling of different variants of comorbidity in somatic pathologies (Traub et al., 2014; Bang et al., 2016; Huang et al., 2016) . In these cases, creation of the relevant models of such states poses a certain problem.
The study of COPD and IS comorbidity mechanisms, understanding the role and place of the respiratory and cerebrovascular syntropy in the pathogenesis of these diseases creates the prospects for implementation of the new strategies of individualized therapy.
The aim of the present study was the determination of the morphological criteria of the brain status, and their correlation with the behavioral phenotype of animals during experimental comorbidity of COPD and acute cerebral ischemia. We used a rat model with introduced a solution of papain in a total dose of 480 mg and reproduced systemic inflammation by introduction of bacterial lipopolysaccharide, which to lead to remodeling of lungs and were testifying to the moderate form of COPD (Geltser et al., 2018) . After three months subject to established development of the disease the acute ischemic stroke was reproduced in animals.
This allowed us to reproduce the comorbidity of these diseases and to study the changes in the brain and the behavior of animals.
Results and Discussion. Modeling of COPD on the basis of the combination of inducers, reproducing a proteoclastic degradation of lung tissue and systemic inflammation, corresponds to the contemporary views on the pathogenesis of this disease (Fricker et al., 2014; Perez-Rial et al., 2015) . The results of the microtomographic study of the respiratory system of the animals showed limitation of the inspiratory and expiratory air flow and the presence of hyperinflation.
So, in rats with COPD, the volume of lungs on inspiration was 34% lower than in animals of Modeling of ACI in part of animals has lead to irreversible disorder of cerebral circulation and their death. In a group with combined pathology, the mortality was maximal and amounted to 80% on the 5-7th day, while in the group of animals with isolated ACI it amounted to 65 %. In the rest of the groups of animals, the survivability was equal to 100% (Table 1 ). The most pronounced changes of the neurological status took place in the survived animals with the combination of COPD and ACI. They included drastic limitation of mobility, retardation, disorientation, coordination disorders, inability to keep balance on horizontal bar and to perform purposeful movement along it. In all animals of this group, oculomotor innervation disorders, small-amplitude or medium-amplitude tremor of head, forelegs or tail, muscle weakness of limbs were registered. In addition, in most of this animals decreased reflexes of startle, blink, and fright when clapping. The sum of the points characterizing the severity of neurological deficit in animals of this group was maximum 48 hours after occlusion of the common carotid arteries and significantly exceeded this figure recorded 24 hours after the ACI simulation. At the same time, after 72 hours, no noticeable changes in the neurological status were observed. In combined of COPD and ACI, the neurological deficit corresponded to severe damage to the central nervous system, and in an isolated ACI, it was moderate. This was illustrated by significant differences in the sum of points on the NSS scale in rats of groups 4 and 5 at 24 to 72 hours after the simulation of the ACI. In animals with COPD neurological changes were slightly pronounced and did not increase during the entire observation period. At the same time, their neurological status was significantly different from intact animals and was manifested by restriction of the search behavior and reduction of the distance traveled along the crossbar.
The behavior of animals with isolated COPD was characterized by a decrease in locomotor function compared with those of intact. This was manifested by a 25 % reduction in the distance covered, with a relatively stable indicator of vertical activity (Fig. 1A ,B). In animals of this group was no decrease in research activity and spatial memory, but manifestations of anxiety were recorded, which was illustrated by an increase in the number of short-term ("anxious") grooming acts, a 24% reduction in the time of a long ("comfortable") grooming ( (Fig. 2) . In the eight-arm radial maze test, the maximum deviations of the indicators from the control values were found out (in 3.3 and 2.6 times).
Despite the fact that it was possible to identify six layers represented by varying in size cells with predominance of pyramidal neurons (molecular, external granular, pyramidal, internal granular, ganglionic and polymorphous) in the cerebral cortex of rats in certain experimental groups, the general assessment of the nuclear cytoplasmic ratio allowed to identify various patterns of pathologic changes. In the neocortex of intact animals, in contrast to rats with induced pathology, normochromic neurons of symmetric shape with uniform chromatophilic cytoplasm, rounded nuclei and centrally positioned nucleoli were noted (Fig. 3A) . In the brains of animals with experimental COPD, a considerable increase of the hyperchromatic neurons' percentage was found out, which is a manifestation of hypoxia (Fig. 3B , Table 2 ). In rats with ACI, as compared to the animals with COPD more pronounced neuron changes were observed, which included emergence of a light space around the body due to the decrease of the cells size, which was indicative of the presence of pericellular edema (Fig. 3C) . In addition to hyperchromatic neurons, the cells with vacuolated cytoplasm, hyperchromatic nuclei with unevenly distributed chromatin were noticed, which was indicative of its destruction due to necrosis. In the ischemia area, capillary hollowing was noted, while along the periphery of the necrosis locus, accumulation of cells was visualized (Fig. 3C ). In animals with combination of COPD and ACI the total number of altered neurons was comparable with the brain of animals with isolated ACI, however, the predominance of the edematous cells was noted in all cytoarchitectonic layers of neocortex ( Fig. 3D) . In hyperchromatic nuclei of neurons, there were small, unclearly outlined nucleoli, adjacent to karyolemma. Morphometric analysis has shown the presence of intergroup differences between quantitative indicators of neuron and microglia dystrophy in animals with isolated ACI and in its combination with COPD, which was manifested by change of the ratio between the components of neuro-glio-vascular complexes (Table 3) .
During assessment of the vascular component of the brain, a significant spasm of precapillaries >5 mcm in diameter and capillaries <5mcm in diameter was noted in animals with isolated ACI and in the presence of COPD and ACI comorbidity (Table 3 ). In 95% of animals' capillaries in this group, a one-row disposition of erythrocytes was noted with the presence of luminal narrowing in the areas filled with blood plasma (Fig.4B,D) . The shape of capillaries was altered, sinuous with incomplete filling and significant reduction of their lumen (Table 3 ). The walls of the capillaries were separated from the nerve tissue by a free space, by which the adventitia of the vessels was separated from the nerve tissue (Fig. 4A ). Kernohan index of brain arterioles increased in animals with experimental comorbidity of COPD and ACI, whereas in case of isolated ACI no significant reduction of morphometric parameters of arterioles was observed.
So, the dependence of behavioral reactions animals on the type of pathologies has been established. With COPD on the background of the disease extrapulmonary manifestations, the behavioral disorders in animals were manifested by a moderate limitation of locomotor function, a slight increase in anxiety and preserved research activity and spatial memory. These data confirm the information about the correlation of the severity of cognitive disorders in patients with COPD with the degree of blood oxygenation (Doehner et al., 2011) . Tissue hypoxia that accompanies such a state affects the structure of the brain and manifests itself at the cell level with a change in the level of neurotransmitter synthesis and neuroplastic damage.
Incomplete global cerebral ischemia, caused by the irreversible bilateral occlusion of the common carotid arteries, resulted in high mortality of rats and was accompanied by moderate neurological deficit in surviving animals. Already an hour after occlusion, there was a decrease in cerebral blood flow from 55 to 37 ml / 100 g / min and the development of acute cerebral ischemia, followed by a cascade of biochemical reactions inducing damage to neurons and neuroglia. The most significant changes in the neurological and behavioral status were occurred in the modeling of COPD and ACI in animals. There were a high mortality rate (80%) and maximal neurological disorders (ptosis, tremor, lethargy, disorientation). The behavioral reactions of these animals were characterized by minimal locomotor and exploratory activity, a sharp disturbance of spatial memory, high anxiety and increasing autonomic disbalance. Neurological and behavioral disorders in rats developed on the background of arterial hypoxemia and systemic inflammation associated with COPD, which created conditions for the initial cerebral discirculation and the more severe consequences of the simulated ACI. Neurological and behavioral disorders in rats developed on the background of arterial hypoxemia and systemic inflammation associated with COPD, which created conditions for the initial cerebral discirculation and the more severe consequences of the simulated ACI.
In the brain, partially autonomous neuro-glio-vascular microstructural complexes are being formed, the cellular components of which include neurons, glial cells (astrocytes), pericytes and endotheliocytes (Stepanov et al., 2017) . In our study, such complexes were found predominantly in the brains of the animals with isolated COPD and ACI, which was indicative of the more marked adaptive transformation of nerve tissue in response to hypoxia. It has been shown that as the disease progresses, the dyscirculatory disorders in the cerebral pool increase due to the acceleration of the remodeling brain vascular system, increasing rigidity of vessels and further reducing blood flow velocity (Dodd, 2015; Richter et al., 2013) . These changes are interrelated with the severity of ventilation disorders, arterial hypoxemia and hypercapnia (Richter et al., 2012; MacNee et al., 2013; Seeger et al., 2013) . According to the voxel-based morphometry of the brain in the COPD decreases the volume of gray matter and most subcortical nuclei, which is in negative correlation with the partial oxygen tension in peripheral blood and in positive with the duration of this disease (Taki et al., 2013; Zhang et al., 2012 Zhang et al., , 2013 Wang et al., 2017) . Behavioral phenotyping, as one of the methods of cognitive ethology, allows to evaluate the structure and dynamics of the animals' reactions and characterizes their adaptation capability (Richter et al., 2014) . Under the conditions of the experimental modeling of COPD and ACI, a pronounced disruption of the neurological and behavioral status of animals was correlated with the structural changes in microvascular bed (microvasculature) and brain neurons. Formation of neurogliovascular complexes with altered quantitative ratio in the vessels was indicatived of the presence of pericellular and perivascular edemas of the brain, which resulted in the altered behavior of animals (Dodd, 2012; Panagioti, 2014) .
CONCLUSION
The development of the relevant models of respiratory-cerebrovascular comorbidity is an important task of the experimental medical science. The presence of the pathophysiological patterns of the "non-random" combination of COPD and cerebrovascular disease is determined by the common risk factors and the systemic effects correlated with the chronic inflammation of the respiratory system. In the early stages of COPD, cerebral autoregulation is disturbed due to endothelial dysfunction in pre-and intracerebral arteries, which is manifested by a decrease of the dilatation reserve and increased of constrictor activity. Such changes are more pronounced in ACI. Still many questions remain about the causes and severity of the pathological process in the comorbidity of these diseases. The development of relevant models of such respiratorycerebrovascular comorbidity allows objectively assessing the specific features of the neurological disorders and cognitive status in animals. Experimental modeling of such a state will solve many aspects characterizing the relationship between the morphofunctional state of the brain and individual components of cognitive disorders in comorbidity of COPD and ACI, and may also be useful for developing personalized programs for pharmacocorrection.
The many aspects characterizing the interrelationships between the morphofunctional status of the brain and certain components of cognitive disorders in the presence of COPD and ACI comorbidity remain unclear and they can be solved only by way of experimental modeling of such conditions. COPD animal model construction. The rat model of COPD was established as described in previous studies (Hassel et al., 2014; Machado et al., 2014; Brunnquell et al., 2014) . Briefly, 20 rats in a 500 ml glass containment using an ultrasound device (UN-231, USA) were introduced a solution of purified papain (Upeen, Chine) of 10 mg/ml for 3 weeks in a total dose ACI animal model construction. To mimic ischemia condition the 20 rats were subjected to middle cerebral artery occlusion (MCAO) model for 2 h using the suture model, as has been described previously (Liu et al., 2017) . Briefly, 20 rats were anesthetized with isoflurane (4% for induction, 1.75% for maintenance) during surgical procedures. Body temperature was maintained at 37.5 ± 0.5°C using a heating pad. The external carotid artery (ECA) and internal carotid artery (ICA) were exposed. A 4-0 silicone-coated monofilament nylon suture was Combination of COPD and ACI 27,1±0,7* 13,0±0,74** 2,7±0,3** 9,5±0,5* 68,2 ±2,54* 
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